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NOTE S FOP A MODEL (~ HUMAN PF PF ORMANC E IN ZOG 1

is an i n t e r f a c e  f or man-computer commun ication current l y under exploration at
( M ~ (P c-~f c ~r t c o n , Newell &‘ Ramakrishna , 1977) .  This paper conta ins some initial

ons d pra t i on’, for how to anal yze human perform a nce using ZOG. We will give a brief
irit rod u hon to ~‘(JG as 5een at the level of the user , in order to make this paper minimall y
se l’  cor it a r i ed  The paper re ferenced above , wh ic h introduces ZOG and describes the system
ar ch i t e t i r e , should he cons ulted for more back gr ound.

~
‘( G ma~ be ih’sc r ibed as a rapid response , large ne two rk , menu selec tion technique.

ii’ er  ‘ . 1 .  in f r o n t  of video terminal  on w h ich is disp layed a frame of information , as

~ n F I~’ ’ i r  e 1 it f i e  names of the various ~,ar ts of the disp lay are als o indicated on the
p ) T i  c O r r r i r at on from the computer ‘o the user is via a disp lay of f o rmat ted

.1 p ,in i~~r , la t a  Communication f rom the man to the computer is via the select ion of options
(. , Q r - , ’  o~ ~ hich are Eal led pads) Select ion is accomp lishe d either by touching the screen at
t ° n p lace  ..~here t bn opt on is dicp la ,ed or t yp ~~ t he se lec t ion -charac te r  that ap pears at the
f ’ uni t ut f~ i(h opt u” or pad. Select ion generMl y pr odu es another f rame of s imilar fo rmat
.‘. t~ ~dd t c ’ ~~l opt ions . Se lec t io n ma ,’ als o evoke an ac t ion , which may lea d to additional data
be’ n~ ’ dicp ’ ~d or ot he’ a t i t  es t akir i g plac e . Thoug h it wi l l  not be of much concern here ,

‘i ac tu a h~ a co n’ n .  n’ a t on’, device to othe r programs on the computer; thus the act ions
that  i t ta ke ’ . are to co’nrr i r i ca te  c ommands and data  to other programs (of a rb i t ra ry
c l ia ’  ~ t e r ) , ~ hich in t u r n  output back thr oug h LUG to the user . Er om the user s v iewpo rt

~.()(; n~~~~t ~v , well be ~‘p) y a program capable of ca r r y i ng  out comple w ac ~ivi t ies .  rh e
di ’phi~ of F c ~. r e 1 d s t i n g u shes three kinds of ‘ e l e c t i ons , which are logical l y iden t i c a l , b ...t
ser ..e to t r t j c t u r e  the inf o rma t ion  on a d i s p a y  f or the u~er. f he options lead to other
f ram es  of r, r r i a r  1or” .at and are s t r i c t l y local  to the f rame . Th e gl obal pads a lor~g the bot tom
are ~ ia ’ Ia hle on e .iery f r a me and const i tu te a set of general searc h and o r ientat ion

a pa l ) i l r t P’ The 
~~~~~~~~~ 

v e r t i c a l l y al ong the rig ht si ze are ac t ions  that hold over a subnet , e~~,
s ta nda rd con ,r”andc to a g’~~ n program , if the subnet is being used as a guide program to
e~ ec ut i r ~~ a program .

What d ist ing uishes ZOG f rom a s tandard menu-select ion scheme , of wh i h there a re
r ra n  ~~, I’. that  t i e  res po ns e time for t he  next di .p~a , is essen t a ll y ins tantaneous (eg, a ro ij n l  a
ten th  to a quarter of a cecond) and that t h~ to ta l  set of f rames throug h w hich one can
our’  P 5 !er ~‘ lar ~y’ (eg, tens of th ousands ) . T he e t~~o fea tu res  go together s ince ra ~~iJ

re~ p6nse in a sm all m t  is of onl y limi ted u t i l . t  ~ With ~‘OG , the user is to he able to s t a y
wi th in  t i c net esse n t ia~~7 indefini tel y , ga n ng knowledge and g iving commands. ZOG’s being a

ommti nica t ion agent to other a rb i t ra ry  prog ram’~ is ~~~ a dist inct ive fea ture , thoug h t

re la tes  to the scope of i t’ , app licabil i t y ra ther than to the nature of the man-computer
communica tion to which it gives rice.

Rapid response coup led wi th the large n e t w o r k  prod i ;cec a qual i ta t ive l y d i f f e ren t

1 1 would like t o thank George Robertson and Kamesh Ramakrishna for di~~ussionc on the
topic of this paper.
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. - [Title]

-[Mark ID]

~~~~~~~~ ~~~~‘oo 
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~~zo~ ~~~~~~~~~~~~~~ [Frame ID]
a rp c~~~ r < h ,‘ ‘ f . . .l I ‘ ~‘ r ’ in ’~~’,,” 1  ~‘ m u n c a t ,,r, hetw nen humans

V c ’ . - ’ c a ~~p~~r Ic ‘~~‘c rp’ ,n~~’ rh  •f f 0y i  deeer h e d below [Text]
I ‘ ‘.~ • ‘ “ ‘ i c ’ ’ f , ‘ . 

~~~ r’f /06

Of. t ’ e i  , ,~ t 5 . ‘,,,i

• 1 , ~
,.,i, . [Options]

/1 W ’ ‘ c~ (~~ V.’ ’ r ’ r n  W~ ’,’ r ~ W h at c,p ns c ,c ’

~, Pr , . r c . .’ .,r C p ‘4 ~~~~~~~ e , . r c t c

“ ‘ i .’ , .‘OG 
~~~~~ 

+ . ~~~ and in pr ~r e c s )

[)~‘ ni i ‘ ‘ c  y~~ ’ • ~~~~ ,‘O~, r~’t  P PPINT [Local pads]

i ci ‘ , .,. 4-, npi p ,n rna.i~ n - n ea t  ‘ r e tu r n  z-706 I C - p a p t  [Global pads]

Global pads
‘‘. 5 ’  ~ b r r od’ to • ou ’t~ ( c d t )  c u r ’ e nt  f r a m e

I) li .i ’ , (~u t M  K to  c r  S iOu’ . f r ame
I 

‘~~~ Dis c ‘ .~~, , :~ ,4,n ( i r ~ ~~~~~ d’’ .play is lost i t  garb led)
• C. r o 1 i ’ 1 p ‘,u hr ’ ’ t  to c~ pIain how 7OG ~ or~.s

n. , ’’  t .~. ’ t Im f t  a ’ r  for  re t u r n  (w i l l  chow in Mark ID)
(~~

r
~ f t  ‘p n e W t  t o  t I m . one in opt ion l~~t “aho ’ie ’’

r ,  h . p  ‘ ‘ ‘ ‘  5 , n . t  r . , . i r ~~,’t l f r , i r ,~ . ( ‘ I m c m w n  in Mark ID)
ii t ‘ . ,‘ ~ I , t i c  r u t  f r  m iss of t I re t o t a l  /f l~ rif

If ~~~. ‘ ?  ~~
. ‘ i ’ ’ . t i n’  1’ i G ‘., ‘. to r i , to monitor n ode

r
~~

. ‘P I ‘ : l u ’ ’ Or pau l  I ’ , ro i l’ ’  l i’ ’ t O u c t ! n ( ’  t he ‘ ( t e e n  or typ ing the c h a r a c t e r
i o t  of t i c ’ ‘.4 1, 1 t on t e x t . When a se lec t ion  is made: a se lec t i on

‘ Oc r I a . ’ 0 c c  ii , a ‘ ‘ c ~~ . f r , i r i’ r i m a ~ be d is p layed , and i t s  f rame act ion may occur .

Figure 1. Typical ZOG Frame



“a ,

m a n - c om p u te r  commun ica t i on  philosophy f r om standar d menu selection. The PROMIS
lab or at o r~, Pr oblem ~rien tpd Medical Inform lion ~, ‘ tern ), of the Universit y of Vermont
Medi~ al School , was the group that f . ’r s t  developed this scheme and demonstrated its
e f f e c  t i  c’nesc ri a l a rg e  app lica tion sys tem (Hurst and Walker , 1972). Our interest is in
dete rmining whe ther the communicat ion philosop hy is generall y app licable , in disc overing its
neces ’ .a’ ‘, para mete r ’ , and in c hara terizing i t s  perform ance. Thus , in many respects 7OG
opies the essent i a l  f ea tu res  of the PROMIS communicati on interface , though it re f lects  some

addit ional design ~ons t r  a nts and requirements.

it i’ our i n t e n t  to at tend seriousl y to how to describe human performance in ZOG.
The . P r y  a r ra ngement  of ZOG, wi th the user c y lirig throug h a repet i t ive cognitive operation
as ~~ mci ’. e’ . f r o m  f rame to f r ame , ent ices one to the belief that answers should be
f o r t h co r ’  ing to quect~ons such as the following:

i i )  T i r , ~ e :  How long does it take a user to accompl ish come task using ZOG’

i i.> )  , , i > r ~ What sor t  of e r ro rs  are committed in using ~~~~ How serious are the
c c r i ’ .equ e nce c of these e r ro rs ?

I ~
) L e a r  r

~~
r’

~~~: How long does it take a user to learn a given body of materi, or a
c O li e( t Or, r’,f  r , r o r e d , i r p c  iis inp a ZOG net ’

(‘i l M i r t i i a t . o r ’ : ~lO Ai much is the user induced to s t a~ wi th the system until the
is done or the mater ia l  learned’ To pick up additional related knowledge

.r i ’ c t  c l i i i  becaus e the net beckons hire ’? To come back to use it for other
purposes ’?

Eac h of t f ’ r ” ,e ques tions , a’; so on as asked , suggectc a companion:

(5) Com,p,~,r sor . How does behavior (for time , errors , learning, motivat ion) in ZOG
c ompare to the behavior in attaining the same object ives by some other
~,ys t e m ’?

These qi in’ .t ions are “ex ternal ” quest ’ons They take ZOG as given end seek an
o ,cr al l evaluat ion of its e f fec t i vene s s  and place in relation to al ternat ive techniques
Another ‘et of questions are ‘int ernal ”. They deal w i th  design alternatives of the ZOG
sys tem to inc rea s e  i t s  e f f ec t i veness  and its c f f i c i e n c y  They are of ‘:tt le Interest in any
absolu te se nse . Some examples a re :

I ) How important is s ,ste m response time to o~ er all performance 9

( 2) What is the t rade -off  between hig h-fa nout  shall ow trees of options and
low- fanout  deep t rees of options ’?
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(3) What i’, the t r ade-o f f  between the amount of text  to describe an option
c l e a r (~ and the time it takes to read and comprehend it?

~1) What is the t r a d e - o f f  between large amounts of text  on a single frame end
sp l i t t ing up the text  on separate frames?

(~~t ’i What is t h e opt imal layout of the dicn lay ’?

( 6) Wh at is the optimal set of common interact ion functions ’

(7)  ~~~~~~ should knowledge be decomposed to be presented in a ZOG network?

( 8) What mix ture  of presentat ion , ques tions , exerc ises , etc., make for e f fec t ive
lear ning ?

F ach of these in ternal  ques tions , in itsel f , is ij nanswerab le wi thout being referred back to
c ome of the external  questi ons about time , err o rs , learning or mot ivat ion .

Neither set of questions can be taken as properl y posed They must be recast  in a
f o r m  suitabl e for being answered exper iment a l l y and quant i tat ivel y. They may themselves
not he t he rig ht cent ra l  ques tions to ask; they mig ht fol low from some more ‘undamen tal

cit b r — ~~ rc pe rt o rr ~~~— - e  ‘— .  ZOG )t c-we’.’er , the~,- do d:~ ate pret t , ~!e~ r ’ ,- the
s or ts  of ccupç that  must be addressed ultimatel y by any theory of human performance for
.‘ UG

The ques tions ,‘re not proper l y posed in yet another way .  ZOG may be used for a
ar ‘e t ,’ o f d ’ t t erent  t a s k ’ :  guidance , educati on, in te rv iews , data retr ieval , c ommand language

1, n lion’ ., programming, and more. Many of these lead to d i f ferent  st y les of ZOGnets The
an’,w c rs  t o  the quest ion s wil l  be corres ponding i , var ied , along w i t h  the overal l  usefulness of
ZOG for the d i f f e r e n t  t a s ~.s .

It ~~id probabl y come as no surprise that the answe rs to the questions posed for ZOG
are not avai lable f o r  any comparable system Thoug h there is a long tradit ion of bij mar .
f , ictor~ w o r k , and thoug h there has recen tl y been estab lished a journa l devoted wholl y to
such ‘sues ( The Internat ional Journal of Man-machine Systems ) , st i l l  the l i te ra ture  provides
help onl y f or var ious l imited as pect s .  Some recent work we have been involved in on
stud ying in te rac t i ve  edit ing (Carci , Moran & Newell , 1976) comes about as close as any
previous e f f o r t  to being d i rec t l y app licable. Fld i t ing and using ZOG share some operat ional
as. pec t’~ as routine cogni t ive ~ki li~ , hut editing does not extend to knowledge acquis ition ,
pr oblem solving and ‘ea r th, such as occur s in a ZOGnet. The present paper draws strong ly
on the approach of the editing study that one can build quant i tat ive models for cognit ive
s ki l ls , but its detai ls wi l l  not be pert inent to the level of discussion here. In any event , the
bes t the present essay can provide is preliminary guidance.

The purpose of this paper is to examine the s t ruc ture  of human action in ZOG to lay



t i re  ~ r oundworl. tom answe r ing these questions , by experimental investigation and the
de e’ lopme”t of q&i. int ita t i:. e models. We discut four components of an ultimate performance
mod,d ;r st  is the  fo ur meas ures we identif ied as important to ZOG performance. Second is
t i re deter minent’ . of the t ime per f ram e , ie, wha t happens when the user processes a frame ,
Third is the problem of o’ ientat ion in the net. Fourth is the description of user st rategies.
These f o u ’  c o m p o n e n t s  cons t i tu te  a major pac t of the tota l  requirements of a oerforrn arice
model , thoo ,~h not all

4 i r O i i ~~t i O u i t  ‘I ~c~~l he premature to dist nguish careful l y the di f ferent ways  ZOG might
he ‘ iced for d i f 4 e r e r t  t a s k s  However , to have a conc re te  task in mind, consider the one f i r s t
being imp lemente d: a guide to the fac i l i t ies in the Computer Science Department at CMU.
Muc h  of this ~‘()Gnet cons is ts of a expanding t ree of exp lana tion and descri ption that covers
in inc reasing deta i l  the people , p ro jec t s , computers and so f tware  available -- what the ., are ,
who does w c iat , how things work , where things happen , some history, and so on. The user
exp lores t h is t ree f rame by frame to var~.ing degrees of detail , as suits his motivat ion and
o b j e c t  j c s . When arr iv ing at part icular sof twa r e systems , say, the ZOGnet will guide the user
ri e .’ e c u t ing  the sof t w a r e , ei ther showing him how to use the commands of the program or

having bin’ e x e c u te the program indirectl y by making specif ic selec tions (eg, hit var ious
pads) .  It wi l l  suggest .‘ari ous exerc ises  to t ry  w i th  s peci f ic  programs and may demonstrate
these to the user by having him step throug h a par t l y prep lanned sequence to witness how
the pr ogram behaves The user would return again and again to the same ZOGnet , exp loring
d i f f e ren t co rne rs  of it  as h;s in teres ts  dictated.  Thus he would travel through some parts of
the t r ee  man y t imes (On t he w a y  to other newer par ts )  and would become familiar with the
gcnei’al layout of the network in vary in g de~’. rees .  Overall he would probably visit many
n u r C  f rames that  just held informat ion than he would those that had actions associated w i th
then - , because all ac t ion  frames w ould be surrounded by various additional informational
paths t o explain the actions and their consequences.
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THE BASIC MI AS URE S

We c h a r a c t e r i z e d  the ex terna l  per formance of LOG in terms of four variables: time ,
e rr o rs , learning and mot ivat io n .  A model must f i r s t  ~iefine these in measurable terms before
t can re late them to s t ructura l  features of interest (eg, those mentioned in the second set of

ques tions).  Let  ii’ ind ate br ie f l y what needs to be studied to t reat  each of these,

T i ‘12e

I r i p  the onl , var iable of the four Ihat ra ises no basic measurement issues. The
‘ o ta l  t ime for a user to accomp lirh something in LOG is decomposable into the sum of the
t r i e s  t a ’~en for  each f rame.  Given some uniformit y in the design of ZOG frames , there wil l  be

ha rac t e r , s t i c  t i r e s  per f r ame , s o approximating to ta l  t imes by the number of frames times
the a ie ra ge  t i m e per f rame wil l  be useful . ihe time per frame depends basicall y On the
, r~ t e r , . a i make up of the f rame ( i ts  content and arrangement), whereas the to ta l  number uf
ira n ie’ . i leperds on the sub jec t mat ter  (broadl y rt e rp r e ted )  and the strategies of the user .

hi~ f a c t o r i i a t i o r r  is not pe r fec t , eg, f rames are deal t w i t h  quite di f ferent l y when used as a
Our ce  u~ knowledge or when used as an acces s path to other frames. Stil l , detailed study of

rhe t ime per f rame and i ts  dependence on the internal  s t ructure of the frame would seem to
he a nece ssar , .~omponent f or an anal ysis of the behavior in the large , ie, of the total  time to
ac omp l c b a gi~~en ob lec t i .’e

L r r o r s

I~ ,‘OG , as in man , in te rac t i  ie c s t e ms , e r r o r s  do not show Up primari l y as an
‘~depr indi’ ”t  “‘i a - i r e  of p. r f o ’  r’ ani .‘ instead , they are detec ted by the user himself and

o n  :( “  to i l  into ai io l ’ t io na l  l imp - t ime to c,ndo the error ’s consequences and pr oceed
c o r r e c t l y This  is onl y an appro~ ima tion; c , l l ’ m a te l y’ some err ors sneak by the user ’s
d e t e c t i on and become e r ro rs  in the f in a l  pr i . i luct , ei ther er ror s  of learning or erro rs of
s y s t e m  use. Bas ica l l y, hownver , the study of e r ro r’~ becomes folded in wi th the study of
p e r f o r ma ni  p t rne

T ire deta i l  required in a t h e o r y  of ‘ r ’ Q ’ ’ . depends on the detail of the time
pr f ’ ( j i c  t i om, ’., Si ’ pa~ Cr ‘or amp l i f ic  a t ion fac tors ~~~~~~~~~ do P r y  well for some purposes. In so
t a r  a’ . “ r r o r s  can  be def ned b~ frarr i” , encou ntered or selec tions made , they can be defined
w i t h  a c c u r a c y and an he dete c ted aut om atic a l . ~ if er rors  have to be defined by human

and pi i -  h O e  j t i h’, ‘re nt I h’’ liiri urn e e * r emel ~ d i f f icu l t  to work wi th .

E ire a br ief  operat ion w .t h  ~‘ i(; re v i ’ a lc  a c r i t i c a l  source of errors to be the user ’s
or ienta t ion in the net . Where am I’? Where did I come f rom ” Have I been here before? Do I
know where to go next? Can I get back here , if I wander off  in search of some information?
These questions are not unique to ZOG. T hey show up in every extended ac t iv i ty  fr om
wandering through a c i t y  or a building, to reading a hook. In most areas of life the



o~ e r t a t i o n  is built in to  our exper ience wi th the si tuat ion and is not dist inct .  But with ZOG
t i m’ ‘ pa r  ~~‘ is ,i netwoi  k , v,-b i c ~ is fore i gn to I’ e ’  r e m  both ri s t ruc tu re  and in experience.
i i r t he rmor e  the f rames  have a homogeneity (being a lways tex t  arranged in similar fashion)
that  makes or ienta tion and recognit ion more d i f f i cu l t .  Some attempt to deal with orientation
seems a ne c e 5ca ry  componen t for t reat ing the more subject-mat ter  dependent aspects of
~
‘ I -

~ G

Thp basic r m ’ q . i rrment for measuring lea rn i ng is a measure of perf ormance. Learning
“do. .i ’ i’’ f h., c i  a’ rges in the pe r f i r m a n e meas ure over repeated occasions (suitabl y t aken

t o  ., pid i o nt a r ’ i na l ’o n  by other phenomena s i i i h as f at igue ) .  The performance measure can
.r kp es i’ r ’ l i~~l~ ., t h r e e  fo rms :  ( 1 )  a bina ry value of succeed / fa i l , which leads to performance

l~~~ i”i’ mea’ .i.j red  e .t l e , r b~ the t m e  to comp b’f on or by the pro babilit y of success; (2) a
,i’ , jrp  ot  the number of e r ro r ’ , commit ted , e liner on the way to completion or in the final

i ’od i ic t ;  (
~~ a meas u re of the qual i ty of the f i na l  pro’ .J o  t along some scale , as in judgments

o~ t i e  an’ t h e t i c  va lue . Quali ty measures usuall y i n vo l ’i e human judgment. Besides raising
p’c ble mn s of in terju dpe rel iabi l i t y, they are re la t i ve l y  expensive to obtain in massive
q uant i t ie’ . j t  i ’ tempt ing ‘n LOG to use what ames easiest , name ly time to comp letion and
s uC i~ en d/ f  a ’ 1 mea s ures , both of wh ich are detectab le automat ica l l y (providing that succeed/ fai l

,ir r ,,~~, at come In amp or taking some sr” ec t i on ’l

~ie c ’ r at i o n  of perf ormance tes t s  is l : drt  of the desi gn of ZOGnets , in any ev ent,
in’  t r u i c t i o n  ‘ s p i n e s  providing va r ious indication’ of whether the user has learned and

~~~~~ ~~~ t O ~~, bar to him . F or 7(
~G used as a gi dance system for other programs , tests  are

~‘ ~ir~~~)lpm ‘.et ’ . w i th  deter table succes s or fa i lure condit ions. For ZOG used in a more
C.A I m ode, t i’esn are r r id t ip le choice ‘.ub j ec I mat te r  t es ts .

Lear nir~p enter ’ . et C  ZOO in many way ’ . and i t  is impor tant to be clear in any instance
w hat lea rning  is be.ng m eas u red  If a ZCGnet is being used to convey a body of knowledge ,
f i ler, thi’ e a r n r r f ~ of ‘ i t e re s t  is a c q u i s i tion of t h is knowledge. If a ZOGnet is being used to
‘pa i l’  ho .,, to u’e a p’nu~ram ming s’~st e m , then the lea rn ing is exhibited by how e f f ec t i ve l y
t he  p’ogr a m ’ r . ng ‘.,- ‘.~~m r n  ‘. used in iso lat ion a l t e r  the LOG exper ience.  If a ZOGnet is being

‘ed  as a guide to a’ c n m p h is f i  a one-time a t iv i t ,’ , then learning occurs throughout the use of
/ ° ;Cnpt , b i t  it is pam ’ and parcel of the per fo r m a nce ta c k and no separate measure of it may
be possible In ‘hi ’, la t te r  respect all use of LOG involves learning by the user , even t hough
,xie t a 1k abou t it  a’ . a perf ormance.

~ 1., t i ~~~ ~ i Ofl

M( lv a t ro n  re fe rs  to what peop le want  to do; cognition refers to how they attain what
t i e  / wan t  Given that goals s t ruc tu res  are rec ur’~ive , so that what a person wants is
de te rm i ned by in s method for attaining his immediate supergoal , i t  i s unclear how there can
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be an - v separa t i on be tween motivat ional and cognit ive anal ys is . St i l l , some questions of
inr t e re ’ .t ri Z(.)G seem to be “mo t ivat ional ”  in nature. They rela~~ to perseverance ,
explo i ta t ion of opportuni t ies , enjoyment , at t r ac t iveness , etc. Motivat .~~~al anal ysis .seems
cal led f or when there is free , but mutuall y interfering, choices arno’-g act iv i t ies wi th no
tex ture of d i f f i cu l t y  in impiementing any choice.

The basic resul t of a motivational anal ysis , whe ther one spe iks of reinforcement ,
incen t i ve , dri ’ .’p or util i t y, is a descrip tion of ob j ec ts in a choice si tua l’on in terms of some
c oin of the realm so that the actual choice can be easil y computed. Unfortunatel y, there is
‘,et no a pr ior i  anat y s ic that can be applied to construct  this measure. For complex ’ objects
n i nu l t up l e  observa tion of choice behavior in varying situations wi th varying al ternat ives must
ire taken . The avai lab le conceptual f rameworks  focus on e f fec t i ve  sun’marization once the
choice da ta  are in hand .

Thus we are driven to star t  wi th direct measures within the LOG structure for
detec t ing choices of user interest .  For instanc e, com~ ared to the main ‘oad how of ten are
‘ ide branc hes taken? Introducing into such choice situat ions various s andardized rewards
and penal t ies  permits the construct ion of a common basis of comparison. For instance ,
compared to var i ous computer games which are avai lable within the net , how is free time
dis tributed”' If such measures work out f ru i t fu l l y, then one can work backward from them to
make con tac t  w i th  more general approaches to motivition. But the start must be with quite
idiosyncra tic measures that have only intuitive face validity.



TIME PER FRAME

1 hi’ ~
‘( iG user ~ oe’. throug h a cyc lic operat ion during which ce r ta in functions must

b ’  per fo r  med given the s t ructure of the LOG system . Star t ing when the new
‘ma r . . i .  i~ . ri” .p a , i’d , t he u e’ must f i r s t  comprehend the information on the display, then he

eli” t .. f a t  to 10 among the op tions a -a i l a ble , and finall y he must wai t  for LOG to
cI”.p ay the nex t f rame.  These three func tions - -  comprehension (C) , se lection (S) and wait ing
( W ) f o rm  a useful decomposi t ion of the user ’s ac tion, though what exac t l y consti tutes

~iie. .e f u i ni t ons rema ins to be invest i gatec ’

n or  an 0 f r a m e  we wou ld like to be ab le to wr i te  simp ly:

(E l )  ~t = T .C’ T ‘ .1 + T .Wf

.‘, he re  It  is t I - p.  t o t a l  t i r e to process f rame f , t . Xf is the time spent to accomplish funct ion X
f u r  t ’ e  f r  ann e , and t e e t . m m’ ’, for the comporent s par t i t ion the tota l  interval . This is the
. i r p i es t add i t ive  model . Cv e n  this , a number of the internal questions could be di rect l y
,i d dre s s t’d  i h c 

~~ e i e r , some of i ts  d i f f i c u l t i e s  are w o r t h  noting.

Le 1 u’ ‘ t a r t  w i t h  the assignment of t imes to the compone nts of (El) , To do anything
p n o r  n m ’ n t  al l y this mus t he possible , at least ind i rect l y. The cycle s ta r ts  when a new f rame
‘n c io p ayed and er’uds ~ hen the next frame is displayed. Thus Tf , the total  t ime for f rame f , ic

rr’e ,p.i,n Cii , ~~‘r :a r l ~~ , the boundary bet ’~ c-e n 5 and w is cleanl y rnar~ eo by me act of
‘ ,, the I’p • C r ‘~~reen . However , the separat ion point between C and S is r’ot c lear l y

an l’eci b~ an e . ’em n a l  act ion . t he co nceptua l  d ist inct ion remains , however , between
s p i .~~er~~in ng the ne-h’ knowledge in a f rame and considering where one mig ht go next.

n” ta l  va r ia t ions  of the LOG a rch i t ec tu re  mig ht be used to assign a t ime to this
,o i ir- .d~~r , l i p  pt i onc mig ht not appear until a pad OPTIONS was hit , at wh ic h point the tex t
.*, o cj~ l (Ii’ appear ~!o be ‘edisp ’ a’yed if desi red by TEXT). (This would assume that all
(i’ ‘ i’ o 1 i’ ’ ’  l eni n of the op t urn, i~. part  of se lec t ing  where to go next and does not add to the

I’ n i iw r .dge  ar q i r e d  - ‘  a f r ame. )  Suc h expe r imenta l  var iat ions distort the tota l  operat ion , but
c ould be c a ; l r a t e d  aga ins t  the s tandard  scheme . An a l te rna t i ve  s t ra tegy,  calle d the add rt ’~’e
1 ac ¶ o r ~~. method , ot e~ pe ’ir i e n t a t l y vary ing various task cha rac te r i s t i cs  to separate the stages
in c o ’,’ n it  P ; ‘ ‘ i i  es’ . i’. a1’ .o ava i lable.

t dd 1 ic oIl y is that the process ing for a func tion wil l  not s tay  neatl y in one
p ar  ‘ i t i on T h e r e  m i g h t he osc i l la t ion between com prehending and select ing. The user might
.,.a ’ fo r a w i s i i’ and li en real ize he hasn ’t se lected the option. Additional comprehension
“ p,l i t  O c ( i . ir ~.t i ’ ln  t i m’ i i ’ , m’r wa i t s  for the nex t f rame.  Some comp rehension mig ht have
o c c ’ i r ’ e d  ocr pri or f - a n n e ’. ‘I there were re du ndant knowledge. And so on. Some of these
r o mp l i’ �i t ie ’  mip,f . t ii’ handled by c la ’ . su f yinig them as er ro rs  (as in wait ing before selecti ng).
A ri o, e i o rr r,he - par l I o n  than El cou ld he t i ed , wi th many incremen ts possible for each
f i r’  t r on . This would multip ly the di f f icu l t ies of assigning times t o each subinterva l.
Al t e r n a t iv e l y ,  E l  could simp ly define the aggregate t i ne  for each function , no matter where it
n o r  nj r r pd  i n .  the n t m ’ r ’ j a l lhii, would require d i f fe rent  techniques to obtain estimates of the

omponents , ‘, n  e t h e  boundaries would no longer have meaning.
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; t i - r d  di b f i c , i ’ ,‘ :s l’ a ’ a ‘ n i r ’ i i le  proc ’s m g  a c t ,o n  is not n r c e ’ ,’.a r i l y ass ociated w i th  a
p m . ,’ ii’ f~ i mn !.uin — -  - a .  ‘ .e ’  e n ull r i e  t i f l (  f ur’s . T h ’~ is cer tainl y possi ble between

Or 0’ ~.n . . . ’ ’ i i n ng an , ‘ ‘ e e c  t ; r ’ is,  ~~ , ‘ o  ~i ’  opt ion’ . n sa ,  g . e  much of the information of a frame.
I i’ . i.f i t ’ u tii ’ . i ’  a ‘.1 m c t  ui” ’ ’  a ~~~~~~~~~ e a d i l i t iv i t y assu mption in hE ! ) ,  ~or it says that
pr oc ~‘‘ - ‘ ‘~~ ~i’ Is i re  r’nt  , i ,n . ’~ ii’ruib . m i f

,\ f r~ ,., : d ’ I f i  u 1  i’ , !~~~p i’ t r ’ r i t  to .~ blich the ,i. , m~r c a n  pr ocess in paral lel , so that even
a d r i t i ’ .’~t ri t r i p  ann c - , i r ’ t  0~ ~. ‘ ‘ i c  e ’ ’ - n p, holds , 1 ic. ”. not t r a r ’ , l ,,’i’ in to adc l i tivi ty in the time

i n t e r v a l ’ . t a p e ” ~~i .  ‘ ‘n ‘i~~it t h e r e  is ‘ (i’ i’p ro o t e r  move ment a’. w p il as some possibi ’ i t - y for

° g 1 ’ ’~ l i’ .ir ’~ i - 1 ’ - ’  no” r”. t ’ n cii: ’ ‘ l . i i i t ~~ of o’~~ u r r e nt  pro cess ing  ~~ij ’,t be enter tained.

u p n o . r n t  to ~~~ r i  is a ’’ , of i n  p r c u t  ‘‘rn’ . a ’ ’ ’  se rious is an e m p r i c a l  ques tion. At
In ‘ of ‘ : 1 - ’ a~ ‘ ‘ ‘ , ‘ . ‘ .t r i i u’ ’ c l l~ cu : ‘e ’ , but c i ro ple approxima tions may be eminentl y

‘ ‘ ‘ ‘ ui l~m ’ ’ c i’~ c “‘ ‘ f i r ”  oh  Of lb.,’ Ih-i p f u r l  t ons (C , S, W ) to pin down more clearl y wha t
i~~. iii ol -

Cornp r eheri ‘ ii” i

,~~‘
. , -  p f ec  r ’ ( l  ~j  i’ g~’ I f a t  tine u’ er c a n  acquire F o ’ tuna te l y, the f ra me itse l f

i r . ~ . , t , . . f  m’noug t a’ ’ i Is ,ir ual ’e s nI le e uini. g h so t ha t , w t l i n ut  undue d i f f i cu l t  ,‘ , we can
t a k e  ‘ f i n , n- n  ~ ‘‘  :‘~ n ,‘‘ . a ‘ ‘ ‘ I  o~ pip ‘ r e n t  a’ y pnopos t ions , eac h of wh ich u’ , about some set of
i ni t n’’ . . 1  ‘ ‘ ‘ ‘“r n.’ . T b . ‘ ,i’ ~ c :.~~

- e of ti re (ran- .” t~ e lt can be used as a f i rs t  approximation ,
a ‘ .ng ~‘ ‘. e ’ t e ” :  i - g in I need de co m: .s ’  rg  into se e ra l  e lementary p ropos t : onc

‘ s ( i re  f or ’ ’  a i i ? m  (I no ~,nl ~~n mi’,’, n i t  ul t i m a t e ly  but ’  useful . We c a n  refer to these e lemen t a  ~
p’ o c v ’ ’  t i O r ~~ a’ . ~ ‘~o.c~i’d isn’ e e ’’r ’m’t ’ ;

~ b i r’ f ’  a” (i i’ . - ’ , ‘ o~ n’ i i ge; l’ ii’ u ’ n i ’ i ’ ’~’d nvt  c omprehend i t .  He ‘ lay  alread y have
I i’  h~ r- .i~~~ ir~i1gm ’ or ‘ i”  m.’ a - t  ot i t  Ha. ung t~ n.now ledge does not automat ica l l y avoid a
r on,.i r i i  i’” - i on , it t i m ’  ‘:‘ ‘~~‘ ins”’ nsf no.,,’ t ‘ a t  he knows what is in the f rame , he must
t O ’  pr i ’ i n e ri ’ l  t i e  1 r a ’ -  .‘ i ’ r ~ ’. . :g ’ to r” cog n ie ‘hal s ta te  of a f ’ a ir s .  lbs user may also not

f l r’ ( n f’ f i ’ ’H al1 t i - i ’  k ri( ’, . ., i -  t on .  ri a f ani ,’ t h r o o n h  de l iber ate ‘ t r a t e g y  or th roug h

ea rl  .‘e r~ ’’’’’.e To ‘to so , of cou rs e , h p  mo st av i d a t te nd  ng to i t , at le ast in deta i l .

I he act  vi i i  m i t . r e’ i m ’ r ~d- rig an P ’ emnn’nt ut kr ’c i-Nl eci~ e mig ht be taken as prin t vP

.,iit i , c ~~ t ij n . j u j p  (jir,l c i m f iO n  G i . °-’ t hat  i t s  r O r , i p O n i m . nt ’ , a re alread y known , ie , i ts predicate and
ar gunri r . r’ t r ’ m ’ t i t  p’ , i i r i’qi i r p” , a ‘. n’Hr’ “tin t ac t ” t o comprehend. If the component s are not all

• iO Nf l , I’ ’’’ ’ t~ ‘‘ p’ inilni’,i ’ ’On i annnt bi~ l e a r m , ’ u i  thoug h it  can in i t iate learning of the missing
( r i  pr i m er t ’ . rho i’. .. s t r o n ~.’, con t n ut i  as’ . i n  pt i r . ri , h i t  i t ~~ adopt ion as an approximat ion is

re ,. or a l - Ic I ( t ~ ¶ i , , . i i ’ , t i c ? i l ,.’ ~t ’ . i 1 , .pi~ r i rnerit ,i b i

i i ’  e m ( . 4 , ’ . U r . , p ’ 0 ’ 1  i- - I  a n c , ~~
1 , i I e , ,  1u i r e ’  it  ~~hene nm i t  is presented and he is

pre r..ired . An ~~ , - n , , ’ m ,  i ‘ i ’ i  liii’ gi ,,,’n f r ~~r n m ’  could be obtained before arriving at the f rame ,
p i t  i r m . r  rir ( i n  to the i’ri t r f -  ~ i( run or f rom ear l i e r  f r a r r im ’ ’ . , or af ter  the given f rame from later
f rames.  I i i’  iirr’ . ’. i b i h i t i (” , for sharing between f ram e s  can be determined from the knowledge
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c ements  for  Ihix ’ f rames  I i~~’w i s e  the exten t to whi rh some f r a mes  are a necessary
pm e pa r  a t u o n  f o r  a given f r a m e  (for the ne p’ . ’,, i’ v prior learning of co ’ r-pone ’ its of a
i’ ro p os r t i o r ’  u ’ . also dpt po rn’ r i , ib lp .

i f ’ ~’ krs A led ge e lements ha ‘e sO far  been taken to be the actual  pr oposit ions
d on t~~’i’ f r a m e  But the o ’ e r  can infer or induc t knowledge as well  as simpl y ah’.orh

A ~‘ ,it r ’ . p r e se n te d  T he ex ten t  to which us ers  go o~ yond the knowledge given would seem to
f in a f a i r l y t r ,  k y a f f a i r .  But again , simple approxima tions may be possible. Users readil y
f i r  r” ..un ig le -m ’ 1 r’ nrl e r ’ t  ge ’r e r  a li zat ions.  When pre’ .ented wi th some knowledge in concrete form ,
w ’ ’a ’ ‘n cc u r rop r e hr ended (ari d learned) is a more general rule. This is of ten narrowed or
o o t h e r w , ’ .p ‘ r ia ped by ’ s uu r’ .eqej en t exper ience.  lfl the other hand, inferen ces involving chains
O~ de d u c t n r ” . 1 r om set ’ , of knowledge elements may he much rare r , especia ll y in
n e c )  A’ i enlpe-  en ivp~ ‘np ,  as opposed to problem-posing, si tuat io ns

Ln’r c o ’ , ’ Pr ’ ’ . v i  a’ . cI ea r  ru ng ‘ouj ’ ,t be cii’ .t ungo is hed Cnmp’i”hens :or mol ies the ab i l i t y
to  i i’  n ni ,~ i’  t~’,m’ “ ‘ o n e  wa y ;  lea- ning imp lies the r.oa ” t e r , ir ’  e o 1 some comprehension
(on. e a’ r~i : r  e ’ t )  o - e m  ‘ u i r r n’ ~upr iocj of t i m e Goc d i ’v i dprn  e e m u s t . that learning wi l t  take place

Ii ,. I’ eQ ~,‘ ! i ’ u t ~ ’” i ‘- p i )  ( I- ’  the  ( i c r  rent  ne t  ap 1 uiur of  ps , cho!c i g 
~~

, t ’-’ e deeper the level of
pro’ r”ss ing of ‘ n’~ e ‘ ‘ a t t ’ r al , t Ire g rea t e r  t I~e pr obab i l i t y  tha ’ if  ~~ he learned.) Howeve r , th is
is co nfo iun d~’d w it h  t i e  ~m’ ,~u:,n t of use , so th at knowledge p :pme - ’ fs on a f r a m e  undoubtedl y
c a~ be comprehended ,rr:l used local l y wi thout being learned ‘o  as bc be a ,ai ! ahle at some
.itr’~ t i me. Thus , we  m a y ruced to distinguish both an amount ‘n~ t i n - p  fo r  the unit act of

com prp i~pr~’, rco n and t f n ~ a n ’ c u :on t  üt t u ” ’ p  for  long t~~~mnn le i ’ ’ r ’ -ug  of the bno w ! e d g~ element

We ha ‘c iden t i f i ed  three d is ,u nc t  proce sses t hat  OCr ur m r the omp’eharr ’.i or phase

f o u r  a f r a m e -  rio o g n u t ’ u u n  ( that  what  is expr e  ‘, ‘ .m’d is a l rea d y k,00wni , C O r r . p r p ’ r’r-u’ ion, and
earning. Th e se each  appl y to the sing le knowled ge element T he to t al c o r ’~uirehension

n c  t i nt y for a f rame consis ts  of a sum of such processes over the set of knowledge elements
in the f r ame , plus any cont ro l  processes t hat are required. These lat er mig ht m,ikp the
situa tion much more complicated than the add it ive model irrinlic it in th e knowledge element
scheme. What mig ht the r ,e cont ro l  proces s es be ’

ore po~~’. h u i i t y i’. a genera l  or i ent ing re”ponn.e to the new di’ n lav  Such or ient ing
rp’ .r ~on’ .e’ . a re  readi l y ob’..erved rn s t a r t l i n g  ‘. i t ua t ions . It c.ould add a set op t ’me of a f ew
‘.eco nds to pa . ii f r an - a ’, which mig ht cons t i t ute  a l imiting fac to r  to rapid use of the net.
Another poss ib i l i ty  is a dec” .ion proce s ’. about w h i c h  e 1 ernent~ to consider . With large bodies
of r- ia te r ial  con’ ,ide rat ) !p condi t ional  behavi or can oc cur that just ignores par t of the mater ia l .
However , the sing le f rame contains onl y a smal l body of knowledge and the user may adopt a
‘..mp i m’ e m h a u s t i i e  s t r a t r ’ r’ y Finall y, comprehen’ ion may no t occur ri a sing le pass , especiall y
w i t h  r,evf ,ral I r ’  .‘e l’ . of pr ocess ing a.’a ilahle for a knowled ge e lement. However , there may be
no w ,i y to ‘epa ra te out lt i i’  passes e x p e r i me nt ill y

What can he ‘ aid about times for the ‘.a r ious processes we have talked about’? Take
(omprehen’,ion f i r s t T here is some di rect l y re levant data in the work of Kintsch (1974), who
men’ o t r ed the time to read material inco rporating differen t numbers of elementary
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p’Opos it ior is .  He f in ds r a t e ’ . of .5 to 4 secs/ propo ’ . i t i on, wi th  the var iat ion depending on the
d if f i c u l t y  of the mat er ia l  i’ . for  adults reach in ch i ldren ”. s to r i es )  and on the length of the
t o t a l  reat i  r i a l , where  it t a k e s  apprec iab l y longer per propos i t ion (independent cf type of
ma te r ia l )  as the to ta l  length increas es , The data are not extensive , but it indicates what we
can e’Kpe t in e~~per i rnental  measurements on Li uG From a p rac t i ca l  point of view it mig ht be
argued tha t one could simp l y use reading ra te r. (eg , words / se c) , since number of words and
m uc ir n ’ber of proposi tion’ . rous t be hig hly cor re la ted  Ult imatel y, as a pract ical matter , this might
t ie rig ht , though Kin t ’ .i~h i’ . carefu l  to produce t imes per proposit ion independent of how
many words i t tak es to express the proposition

Comprehenu’ .ion was the middle of our three processes. There does not appear to be
,t ru y ‘,umi lar data for recogni t ion , ie , the time per proposit ion to recognize that you know a

~‘is’pri propo ’ut i on There is muc h data on pra ’t i ced recognit ion of sing le sentences (eg, ‘ a
am id ’ y is a b i rd ”) hut it iç  not clear these times are re levant .  Off the cuff  one mig ht assume

‘e c o g n u t i o n  at about half the time of comp re hem u ’.uon , thoug h much depends on the cor~iit ions
undm ’ m wh ic h  the process u’. examined (eg, reading or ‘.c anning) on the a priori expectat ions.
F or learning on the other hand there are a niurriher of est imates on the time per chunk for
ve rba l  mater ia l . A t .  p ica l  one is 8 secs (Gi lm a rt in , 1975) , but it ranges as low as 2 and as
high a’ . 10 However , these are not for proposit ions but for words and other verbal mater ial ,

S el e c t i o n

T he ‘. tanda rd LOG f rame has three c l a r  ‘c ”  of s e l e c t i o n s  F i rs t  are the op ti ons , w h ich
f o r m  a v e r t i c a l  a r ray  below the tex t .  T hese are local to the f rame in that the user does not
k r ~ Oi~ what  they are until he sees them , thoug h he may he able to predict them iron- ’ t he t e x t

plo’ . general e x p e c t a t i o n . Second are the standard pads along the bottom lir- e , which are
a .‘a~~ahlp on e ‘c ry  f rame.  The experienced ‘flG user becomes tota l l y famil iar w i th  these.
Third are the pads in the rig hthand ve - t i ca l  column , which arc l ocal  to a group of f rames The
user learns about these on some frames and app lies them repeatedl y in acc omplishing a task.
T he y signif y invariant hig hly meaning ful funct ions. The user wil l  be in various s ta tes  of
f am i l i a r i t y  ab out them. Each of these th ree t ypes of selec tions may require se para te

e at rn e n

Consider a specia l  case of se lect ion , w l i ,~re  the user , having finis hed comprehending,
knows what he wish es to select (and khows t” ,it it r~ . i H  he there ) . His task is onl y to locate
t h i n  opt i on on the display and move his f inger to touch the display. In this s i tuat ion
something is known about how long it t akes  to make the se lec t ion , ensconced in Fitts Law
(We lf o rd , 196~~u :

( [2) T Ki  + K2s1og2(D/ S + 51 secon d ’.

I is the select ion time; 0 is the distance to be moved; S is the S u z i ’  of the target ;  K! and K2
a re c onstant ’, that depend on the subject and the tas k arrangement; and log2 is the base 2
logarithm. Fit ts  Law essentiall y asser ts  that guidance rather than movement is the governing
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c oru ’ ,ider at io n , I bus , re la t i ve  accurac y (D/S ) appears in the formula and the overall function
logari thmic ra the r  than linear , essen t ia l l y bi t’ . u t  uncer ta in ty .  There is some evidence that

K 2 is r u e ’ er f as te r  than about .1 sec per bit. K! wi l l  be ir the range of 1 to 2 seconds .
Learning c an  reduce the to t a l  time apprec iabl y ( 257 in some experiments ) .

We ca n anal • ze the select ion phase b ,. s t a r t i ng  wi th this part icular decision model
and ‘ m rqui r  ing how the Z1)G s i tuat ions d i f fer .

The formuhit oru mig ht be useful d i rect l y in cer tain conditions. It probabl y app lies
r . c,o I,’r atn ’ i ., wr l l  to t i ,.  se lec t ion  of s tandard pad’ . The pads are all about the same size
(a t o it 2 cnu l arid the f i ng e r  w i l l  be located at d is tances  up to about 20 cm away,  but nuore

n,1’ 6 10 m i  t ,pic a l l~~. These lead to the logarit hm’c term being between 2 and 3, w i th
occa s iona l  va lues t owards  ‘1. Tota l  t imes mig ht r u n  there fore  1.5 to 3 sec. The same structure
m.g i’t aln,o descr ibe  a set of ie r t i c a l  pads , used repeatedl y within a subnet.

( ; t f , e r  ‘.e ec t ion s i tuat ions du ’fer  fr om this along tw o direct ions. The f i rs t  approaches
t , p e p, The o’ er proceeds throug h a sequenc e of fami l iar  f rames. The decision about the
‘eque nce  is made a t the beginning, and he knows not onl y the options to be taken

~r e r r . a n u t i c a l l y )  but also their locat io ns on the disp lay. We can think of this as knowing that
1 ~ 2 - 1  4 is to be ‘e t e c ted , ex cep t  tha t the knowledge is motor knowledge not verbal
n. ru oNlr’( l ,Jp , ike  the I’ now led ge of how to move the f ingers to t ype B-A-C-K. in such a
s i t~ j a f iur ’ , t he re  i~~ su h’,ta nt ia l  an t i c ipa t ion  and t h e  user ’s f ingers move c ontinuousl y f rom one

~ ad to the other in a tw ic a l  skilled gesture.

How closel y ‘.equence selec tion wi l l  apo roac h t yping is unclear. Many fea tures limit
i t :  the t a c t i l e  c f o a r a c t e r  of the touch n,urf ace ( f la t , unyielding); the use of fewer fingers ; the
d i f f e r e n c e  be tween option sequence and words (character  sequences), both in frequency of
o c c u r r e n c e  and ri redundan t subst ructure , t h e  d i f f i cu l ty of knowing exac t  f rames , and
pr obabl y o the rs .  Yet one can expect  some aspec ts  of skil led sequence behavior to show up.
Indeed, O n e  j u’ . t i f i c a t ion for the speed of LOG is that standard menu selection techniques
‘ cern curiibersonue for the exper ience d user as a device for specif y ing command sequences
he al read y knows wel l .

The o ther  d i r e c t i o n  t oward  greater dec is ion making, ra ther than less. in one major
u5e of LOG the t yp i ca l  s i tua tion wil l  be that the options are unfamiliar , relating to the content
of thin t e x t  p resente d on the frame. The user needs to comprehend an option before he can
‘.e l~’’ t i f  Ther e are ‘ e’.er al possibi l i t ies for t h e  user ’!, inter nat si tuation , each of w hich
s u i p ~ i m ’ ,t~, a f i r ’ ,t order appr oach to the decision process.

t i p  i’ .~ ’ r  t r a y  ‘ a  - r’ di’ .~,‘lo ped some ‘ .tr ong expec ta t ion s  and preferences of the
.pt o r r ’ , b~ . w r i u 1,I i~’n to take Hi~ tn ’ k, is t o comprehend the options that ex i s t  and identif y

f l u e  ‘ i r e  f i at c a’. he in te r  pm eted as the l ine he wan ts .  When he f ina l l y spots it , he ic. in a
i t ua t io n i  runt unlike f lue one to which the ba’,ic model app lies. Additional processing for

r omprehens ion would be expected , but only for the options that occurred before the one
‘ e l e c t e d ,  Fur therm ore , the one he wants is not necessari l y distributed at random in the list.
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I t O’  P e r  can he expec ted  to read the options f rom the top down, having finished reading the
t e x t. rhe appropriate design s t ra te gy  puts toy ,rrd the top those op ti ons w h c h  are relativel y
fnequ e n t l y ‘e lec ted. (Thi s design st ra tegy,  of c ourse , re inforces the st ra tegy of linear ,
top down invest igat ion .) Thus , a more plausi ble model has the user spending some expected
t i r . ’.e (c )  comprehending each option with a probabi l i t y (p) that he wi l l  select the current
opt ion Under these condit ions the expected time (T)  to determine the desired option in a list
of K op ’ions is:

([3) T= cp + 2cp (1 -p) + 3cp( 1 -p)12 + ... + Kcp( 1 -p)1(K’-l)

cp { l  ?( l-p)+ 3( l-- p) I2 + ... + K(l~ p) 1( K— 1) ]

— (c/ p) [ 1 + (1 + Kp)( 1-p) IKJ

(c/ p) [ l + (1 + m)exp(-m)J (app rox)

Where m K p = expected  search leng th

An i n te re ’~t n g  fe at u r e  of this expression is i ts  v i r tua l  independence of K, the leng th of the
i’,t , i f  there is a n y  posit  .c bias in probabil i ty toward  the f ront  of the list (ie , p > 1/K imp lies

rn ‘ 1 and the negat ive exponent ial  kil ls the te rm invo lv ing K).

A second ‘. i tuat ion ha’ . the user uncerta in about what to do. Then he wil l  use the
opt ions to s ug g e st  a (our ’ .e. In th is case , all of the options wil l  he comprehended and some

of linear depe ndence on the s ize of the option list would be expected. Lit t le guidance
i’ ’i’ . t’ . for  ex ac ’l y hc u~~ th is process wi l t  go . Wil l  the user be able to select the one he wants
a f t e r  cons der ”,, them all , or wil l  he require anuther pass , this time in a decision rather than
a u’r c r e f  p r~~t u r r ~~ mode ” Would this second pa’~s , even if  it existed , be seen in the data , or

rnp l y t ie a t ’ ’  on f ’d  in a la r g e r  c o n s t a n t  t ime ?

A f i n a l  ~~ i” t  c a n  hue imagined along l1’e dinuension of uncerta inty where the user
e’ . a’ i~~ the de( i’oon were a c omplex and important  one. Some evidence ex i s t s  that

t~ ’( doug inn ‘ nc  ii ‘ t ua t ons is a ser ies  of s ucce ’ .’,i’je pas se ’ ,, each re jec t ing  some al ternat ives
arid nanr o~~ ing down the r hou ce  set (Tver sk y ,  1972)  However , LOG has been designed to
elimina te the occur rence of such s i t” a t i ons , by making ea’.y the select ion of further f rames to
ga t her more information . Several standard pads (bac k , mark , return, nexti  are devoted to
th is , as is the de ign principle of a lways providing additional paths in the network to explain
fu r ther , ( i r ul y n+ pe ruence  wi th var ious networks wi l l  ‘,how the extent  to which deliberat ion
f i a ’ , been e l iminated,

LOG is not monolithic , despite the c omnuon frame s t ruc tu re  and disp lay arrangement.
If LOG is being use d to run System X (being e f fec t i ve l y a command language for X ) then

~ ys te m X i tsel f  imposes a st ructure on the decisions and the exp lorations for knowledge. Thic
structure may be the dominant determiner of timt~ and errors. This can probably be



dete rmined just by seeing whether models based on general LOG structure fai l  when used to
oredo- t behavior using System X via LOG. Huiwei.~pr , we may have to examine the use of
Sys terr u X via more standard command languages to disentang le the features of the system
f r o m  ~hp fea t u res  of LOG.

A ’. selec tion becomes more comp lex , the problem of delineating a boundary between
con~prehien’ .ion and se lec t i on becomes more d i f f i c u l t  In the selection models described
aho’ ‘i’ , comprchr’nnioni concerns what selecting an  option woul d provide; thus in princ ip le i t is
du’ . t”~~’ u .u i ’ liable f r om the a quisition of knowled ge for later use But frames sometimes use
the o pt i On  t e x t ’  to c t i r u ,ey  knowledge , whe re the option i tself is the imp licit  c hoice to get

O t . .  ur ’or mat i cur ’  about the knowledge element in the option text  (eg, a lis t of useful
pr i O c  p Ie ’ . for  00w to use LOG nets )  Far I ron’  being r a r e , this may be an e f fec t i ve  way  to
de’. ~‘r’ t ma rn es.  Co nce i .’ahl~~, in ne tn, that a-e heavi l~ knowledge oriented , it wil l  make no
‘- e” - r ’  to  ~n~par a te  comprehension fr om select io n , This could happen ei ther because they are

fa r t one con u ti nuouus process or because the comprehension time simply overwhelms any
‘.eparahle ‘ .e l ~ ’ tion time

~% ‘Q i t u  ‘I~~

The diira ’ io” of the third phase of th~ ,‘u) G c y cle , wai ting, is governed by LOG and
‘‘ up cO mp . t ” ’  s -7 ~ t e ’~ ~u t h  “ wh ic h  .t l ives. De ign specs  fo r LOG place the wai t  t ime at less

I ‘en , w 1 ic” ‘r ’sta ntaoeous f r o m  the v ie~~’ po”u t of human action (thoug h not quite f rom
‘ne y iew p o nu t o~ pe rc e p t io n ’ But w i th  the p re se n t  sy ’ .t e rni design this is onl y main tainable
on purr’  i “ci ’~ ledge 4 rame’ An~ a ttempt at co mplex a t ion requires e x e c u t i o n  of a user ’s
r i rogr a m and p’odures  .‘a r iah le  delay~ up to t’ iera l seconds. The attempt to use LOG on
“uo r e  on’.’ ent ional  sy ’ . te r r i s  (‘,uch as the CMU t ime -shared PDP I Os with al phameric terminals )
pro d u ce ’ . dc’~ ay ’ . of ~~‘ ‘ ei.onds just to disp lay the frame at 1200 baud (a t ypical f ast ra te ) ,
arid more likp 20 second’ . at 300 baud (a t ypical  slow ra te ) . In addition to the expected value
of  t b  ‘ dela the j a r  ab l i t  may also ~w re levau t .

The important  question i’ w hat et her  I’ wai t ing has on human performance The
imp les t v iew is that it i’. just lost time wi th no other e f f e c t s .  it seems unlikely to have an~

pos i t i ve  f ur ict i onr,, sinc e wai ting can Occu r under the user ’s c ontrol at any point he wishes.
Selr .c t ion ha’. a clear terminat i on, ‘. o that nothing remains to be done during the wai t ing
1uha~~~’ If the user needs a short preparatory  phase to build up expectations for the new
fr ame , then a short delay might be indistinguishable from zero delay. The user would
produce the equivalent delay in orienting response to the next frame even if it came up
ins t a n t l y.

T ~~o nc ’gati ie e f f e c t s  (besides lost t i n . ” i ts e l f )  seem possible. One is the memory
harr ie r . Any s ta te  being car r ied from one fr ame to another , whether in terms of
e x p e c t a tions or data elements (when using Z( uG to perform a task ) must be held over the
wait ing periruul 1h~ re is no reason to assume this memory toad is excessive. However , any
load at all wil l  tend to assure that the waiting period is used only for waiting. And if the
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period is too long, the pr obabil i ty of losing s ta te  w i lf  cer tainl y become appreciable. What is
to o long is not known ( t r y  greater  than 10 - r u  onuds~ ), but could probabl y be measured
without  too much d i f f i cu lt y in a sys tem wi th controllab le delays.

T he second negative ef fec t  is on motivation The delays may make the system seem a
dr ag to u s e , killing ei ther the tendency to use it or , more subtl y, the tendency to use it
f ree l y to explore for other knowledge. In the design of ZOG (and of the PROMIS system) this
c oncern har been cent ra l  in insisting on rapid response

Poor (and va r iable )  system response us, endemic to current computer systems.
Howeve r , no st ijd ies are tcnown to us on the quant i tat iv e e f fec ts  of this on human
perf o rmance Some design adaptat ion has occu r red.  An intere’t ing one is type-ahead , in
wh ich  the user is al lowed to t ype a sequence of inputs to the machur” ., based on his
predic tion of appropriate response (This wins if the delay is caused by the time between

ornputinug quanta a l located to the user , so an ent i re  sequence of inputs can be processed if
,, ‘ailable a t the beginning of the user ’s quanta. ) The extent  to which select-ahead can work
in ZOG needs to be exp lored. It may turn out to be strong ly af fected by selection modalit y,
t ype-ahead w orking quite well , w hile touch-ahead doesn ’t.
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ORIENTATION

Ihe general problem is easil y enough described. How does the user orient himself in
work ing  in a LOGnet , how does i t a f f ec t  performance (t ime and errors ) , and how does i t
depend on the s t r u c t u r e  of the net and of the frames? The straig h t fo rward  approach s ta r t ’ .
w i t h  the question: What is an or ientat ion ? What sort of cognitive structure does a user have
when he has an or ienta t ion ? Given this , it is sens ible to ask how such a thing is built up arid
how it i’ used in wo ’kung w i th  a net. Given this second step, the evaluative questions can be
a’ .kni:t of w het her  an or ientat ion is usefu l  or rni’ .lea ding, adequate or inadequate Psychology
is not c i, r r e n t l ~ in a good position to deliver the answers to such ques tions , but the current
puss u bi t ie ’, c anu be i r ’ i t uc  ated br ief l y

T h e r e is a r e l a t i v r ’ i y new subfield of iu’ .ycho logy and geograph y direct l y concerne d
tb under~ ta nd .ru -. spa t ia l  images and or ien ta t ions ,  it seems exac t l y what is needed. It

..t .4r tpd w t t  f~evir i r ric l i s  The lnage of the Cit , (1960) , which was under taken f rom a
coni c e r’ ~ ‘ft ur Pan te ’ ign r at b ie ’ r than psyr holog 

~~, 
and at tempted to charac te r i ze  how

peop le - ew e d  the c i t ’ . in w hich the y lived what image they had of it and how they
o ro ’ r ut ec i  t 1 ier. ’ e1 . P’ w i t H i n  i t .  T he princip le t ec l’iniques are ge t t ing people to external ize their
rv - ’n n u ta l  maps of geog ra p hic area (ci t ies , co untr i’s )  by jr aw ing maps and describing t e r r a i n s ,
arid tou r’ . (Dow n” , and ¶ 3t r ’ a , 1 9’7~~ Rut the re’ ul tant data (hand drawn maps , e tc. )  leave irs a
l~~r w a ,  f rom a proposal  of what an o r ienta ’ ion is, , es pec ia l l y n LOG, whic h is , in i ts own
w a y ,  quite a b s t r a c t

Ii,’ most prom is .r j ’  area i~~ ca l l ed prox i~ ut y ana 1 , s s  ( Shepard , Romney and T~e’ lo.e ,
197?) .  ~ t i’. is a ps , c home ’r ic  technique f or takinug s i r . i l a r i t y (pr ox . r.ui t y ) measu res a rriong a
c u l l r ’ r t i c i n  of o 1 j ec t s  and c o nst ru t ir u~ a nruul ti c: y’uer’.ional metr ic space which reproduce’ . the
g i .~en da ta  Th c is now a w e l l  developed area (w i th  a range of related techniques) and has
beer’ use d ciicc e ss f i u l l ’ y ‘u w ay s  that f i t  the ba’ .uc requiremen ts of our problem . For examp le ,
t a ~ ing a’ p~ o x ’ n u u t i n” t~ e c onfusion’ . of te l et y t e opera tors  of morse code , .t can show t I 0t

‘n’ r’  o r u fu ’ . oru ’, c a n  hue de’ .c ’ bed in a t w o  i l .mr ’ nn ’ . ion ia l  space , one dimensio n hie ing
r -  ni’ ‘ I • r’  and the other ‘. y r r rnet r y lii’ e; f i.ir thr ’ r  , that  t h is ,  ‘ pace  d i f f e r ’ , between novice and

p r ’~ I Cupe r a to r  ‘ . Indeed , mos t cur r e n t  hopes ui becoming quaru t i t a t i ’~ e in the f u r ç t  - desc r ibed

a’ r’ .’ of geogr a ptu ic r ages and or ient at ion r i’~~t on ut i l iz ing t h is technique. A onceiv ~ t i ~
t o o r .e n ta tu o n  in’  ZOGnots is to obta in judgments of prox imi ty  (how ~ar is,

‘~~‘ f i , r  rn ,jl u i r u  X f r o m  V , the curren t f rame ) and ‘nc’ how the rec .ultinug space car ’ he
c h a r a c t e r i z e d ,  the te n hnique requires substant ia l  data and rather ‘table organizat ions , but it
.~ .i i’i it  wor  ()np per ul a’ i t  y is that the ob ject ive ‘ p a c e  (as represented b~ the n e t  i t se l f ) ,
‘ a .  not h a - p  a f in i te  dimenr ional charac ter , b i t  branch out w a r d  in exponent a’ f ashi on. T h u ’
r . .  p hI make prox im i t y  anal ysis , which f orces low onde r di rnensrc ina lity on the data , genuine l y

m r  f ’ p t ive  Con t ra ruw se , if humans insis t on organizing any wor ld in which they (an  get
“or iented” into ‘.ome low dimensional space , so as to make it famili a r , then this might be a

‘.iiperb ~ ay of discovering it.

The notion of spat ial  image seems inext r icab ly  linked to the notion of orientat ion, In
both areas above the answer to “What is an orientat ion? ” w ould he “A space w i th  suc h and
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I’ proper t i c . ” T i i i ’ , ‘imp ly pushe’. o f f  the que’ .t on of m o w  such a space is used in
a r u u ’ u i ’  or ing throug h a net , but go.zen an a c t i .ia l spat ia l  represen tat ion to work wi th , this

la t te r  problem i ’ . curel~ appr oachab le Psycho logy i i , i’ . been deep l y c oncerned wi th  imagery
ge r n r ’ r  all ., in the Ia’ t de( ado (Pavio , 1971; Sheehan , 1972 ) .  A noteworth y feature of this
w o r k  is that  it has not ,‘et been able to produce good concrete proposa ls for the nature &
the image. One strand has avoided the issue , w orking exper imenta l l y to show that aspects
t I n ,it presurruabl ., c o r r e l a t e  w i t h image ry (eg, c o nc re te as opposed to abs t rac t  nouns) have

‘.tror ig and stable e f f e c t ’ , A second ‘,tr a nc l has at tempted to demon’.t r a t e  internal
r e p r e s e n t a t i o n ’ . ( ima ges ) that are s pace - l ike , eg, have proper t ies of continuit y and
propor t io n a l i t y  to di ’. ta nc es in an imagine d s pa (e.  But nothing has proceeded fur the r  than
‘imp l y a f f i r n u i r u g  t h a t  the inag e u ’ indeed ~ene ra t l y like ex ternal  space. A third strand take’,
the v iew that  images are symbolic s t ruc tures  (O~ the kind fami l ia r  in a r t i f i c ia l  intelligence) .
Thi ’. app r oa ch  is concre te enoug h, but in e f f e c t  enloins abandoning spatia l aspects as cent ra l
and conc pntn  at ing on the semant ics involved direc t l y. Its answer to the question “What is en
orien ta t ion ” i’ “A symbolic s t ruc tu re ” But it does not yet add much in the way of detai ls.

Let us at t empt  a l i t t le d i rec t  anal ysis of the LOG situation to see what the notion of
o r ien ta t ion  should do for us in explaining perfo rmance and what seems like natural definitions
wi thin the re c t r i r  ted f ramework  of LOG.

We are co n ie rne d wi th  the f ol lowing phen omena:

A novice user hesi ta tes for a re lat uveh, long t ime at various frames , declaring
iu m’plf  to he uncertain about what to dl)

( 2) An p i po rt  u5er sk i ps nimbl y fr om f rame to f ran c , even in new subnets .

A o ’er  declares himcelf lo’.t and sa y s  hr doe’.n’t know what to do.

(4 )  A iu ’.er I’eep’ . re turn i rg  to sonue p a r t . c i i l a r  f rame as a homing place , even
thoug h t h u r . rre an’, going thr ough re dundart sequences of f rames repeatedl y.

i~~~ Before a user wil l  do an,thing (in the s’ i i ’  e of r’~ ec ut ing opera t ions ) in a new
su hnet , he exp lores the f rame ’ , several  i mps,.

(6 ) A o ’e r  a lway s  t r ies  all options ‘.ys temat ica l l y f rom top to bottom , even though
he Ha’ , a spe c i f i c  ta s k to per fo rm and t h e  option’ seem c lear l y marked.

We have use d spat ia l  anguage to indicate how an observer on the user h mself mig ht
na t u ra l t ~ de scr i be t b ’ u ~ behavior . The behavior has definite consequences for per formance ,
s lowing it down , speeding i t up, producing e rnor s , etc  As described , it operates as a bias
over the bc’ b ia” io r or pe’haps as a par t ia l  component of a s t r a t e g y .  a f fec t ing  many f rames
rather than ju st a single ore.

Crnsider the notion of feeling “a t home ” in a place and i t’ , con t ra r y  of feeling
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‘.t ra ngf ’  St range things can ’ happen in strange places , things that one is not prepared to
cop e ‘w i t h  Para l ys i s  of ac t ion and heightened ‘ig ilance occurs in strange places , grounded ri
par t  to devoting capac i t y t o being prepared , in part  to the hypothesis that action produces
(‘ . t i r c  up”) strange responses and in part  to t h e  hypothesis that movement (to a new place)
wi l l  ~ uel d an eien st ranger (more hostile ?) plac e.  Cont rar iw ise , a t home there is a se,rise of
con t ro l  Wh ate .’er needs t o be done will be s”en and accomp li shed -- even if it is not yet
foreseen in detail. There is re laxa tion to attend to the current task full y. To be at home
.mplie’ . that  the t e r r i t o r y  is familiar , wi th expecta t ions of what it contains in the way of
po’ .’. ih i l i t ies . Movement though the environment seems safe , leading to places which
ib-e r r ise lve r, a re fami l iar .

A pos” ihle wa y  to t rea t  liii’, phenomena is to take it as a s t rategic  response to
‘.pecu f i ,~ihle concerns , eac h of which add s,om, processing to be done in dealing w i th  the
f r a n c . ( 1) If there is a corcer n  that someth ing ~t r a nge may happen, t hen observing behaviors
r , i i i ’ .t  occur  w i t h  a ce r ta in  freque; - y ( 2) if a rn- i .ement in to a stranger place may result from
a ‘.e eu ti on, then the possib i l it ’ ,’ n-rust be tes ted for  eac h contemp lated choice (in addition to
other c onsider af uonc); if the concern  w i th  s t range re sul ts  is strong enough ‘then it may
become a primary requiremen t on the choice of opt .~ n (3) If one is lost , then each frame
r,i~ j r,t be searched for clues that wou ld help to loc ate i t .  And so on. The slow down in
behavi or comes f rom layers of these concer ns The speed-up f r om a sense of fam i l i a r i t y
comes fr om eliminating them fr o r r  processing of a f rame ,

These concerns may hold independent of the design of the ZO~ sys tem . Deli berate
design ha’S deal t wi th some aspects  of this problem . LOG is esse nt ia l l y a passive sys tem
unde’ comp le te con t ro l  of the user . Ther efore , there need be no c oncern that st range ft. ings
should suddenl y happen . Likewise , a design pr ’ nc up le of “No sudden death ” has been adhered
to ra ther  s t r i c  t h y :  it is a lways possible to get back immediatel y to where one s ta r ted  (the
back pa d ); no i r revers ib le  act ion will be taken without informing the user and gett ing
c u u n i f i ’ m a t i on; e t c .  Therefore some layers of concern should extinguish quickl y upon genera l
fa m i l i a r i t y wi th LOG. Tests  are needed to sco whether in fact  they linger; if so , s pec ra~
studies n a y  be required to understand wh y they cannot be el iminated (or eliminated more
rapid l y) .

Other  concerns,  cannot be eliminated ru such obvious ways . Much LOG use (ie , for
knowledge acquisi t io n ) imp lies that f rames are being entered for the f i r s t  time; hence , in
some ob jec t ive sense they are in fac t  strange. Whether fami l iar i ty / s t rangeness concerns are
evoked is a separate issue. It may still be possible to model the behavior of less experienced
users by means of a scheme of incremental concerns.

A feature of this approac h is that it bypasses a direct representation of what the
cogni t ive s t ructure of “an or ientat ion ” is , replacing it by a co llection of response systems for
dealing with the issues that derive from lack of orientation and a set of environmental clues
about when these systems will be evoked.
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GOALS , STPA IEGII. S AND E RRORS

The to ta l  number of f rames v u ’ ,u ted by a user to deal with a given domain of
knowledge or act ion results f rom the interact io n of three aspects :

( 1) The encoding of that domain into the LOGnet.

(2 ) ‘The acquisi t i onu or operat ion s t ra tegy  adopted by the user.

(
~~ The sor t ’, of e r r o r s  made by t he usi’r that have imp lica tions for touring

throug h addi tional f rame ’,

It might seem that  i 1) , the actual  network , w ould simpl y be an exogenous var iable as far as a
theory  of human behavior for LOG is concerne d . A theory should deal with behavior through
an ar bi t rary network.  However , a user ’s behavior arises from his goals plus his anal ysis of
how to a t ta in  these goals This la t ter  depends on the s t ruc ture  of the network as he
perceives i t. In discussing or ientat ion , we al rea dy noted some potential examples where
principles of universa l back-up may have large e f f ec ts on the way users t reat  the network.

LOG presents  a pecul iar paral lel ism. From the user ’s point of v iew , ZOG is a task
enviro nnient .  He b r i n g s  to it hi’, own goals (eg , to learn something or to accomp lish some
pr oce’ .sing); his prob lem is to use LOG to accomp lis h these goals , rea ding mater ia l  and taking
op tions as seems appr opr ia te in the lig ht of his running anal ysis. The user builds up
inte rna l l y a h ierarch ica l  s t ruc tu re  of goals and sulugoa ls for doing this , just as he does ru any
othe r  task. . He n’a~ plan ahead , t r~~ d i f fe ren t a l t e rna t i ve  routes , e c .

On t h e  other hand, LOG itself  i’ analogous to a goal s t ructure.  Frames are goa ls ; tbe~
e plic it ly s ta te  problen.s to be solved. Their op tions link to subgoals , ie , to other goa l~ ke

ar iue ’ . w h i u c h  s t a t e  suhprohlenn’, to be solved. some are AND-like , w here the opt or ” .

(Iec onupo’.e the problem into a to ta l  set of task ’ s , all of which have to be done (eg, all o~ 
¶~~c’

‘a r ious  as pect ’ . of a s ub le:t  matter that have to be learned ) . Some are OR-like , i~here th”

options present al te rna t i ve  ways  to solve the problem (eg, the different comma nu’ iC a
pr ogramming sy ’ .tem). Thus , in general the LOG t ree  is , analogous to the famil iar AND-OR goa i

t r ees  of problem solving program’ . . Some fran ’e’. are operators , rather than goals , giving t i . 1’

f inal  knowledge that is the roj ut io n to the problem . Likewi ’ ,e , s ome select ions (usual ’ y pe’i’

rather  than options) are operators  that accomp lish f inal ac tions.

F r o m  this la t te r  “goal-ne t ” point of vur”,~, the user is to be seer’ not a’ . an
independent problem soUor , but as an in t e rp r e te r  wh o simpl y t r a v e rs e s  the f~~ed
pre generate d &oal tree of LOG, in response to the data (or lack of it) which ic available to
him Carried to the extreme , there is no independent way that LOG can be used. A user can
conform to ZOG or he can fai l  to conform. He can bring to it his own goals , electing to move
within those parts of the net that match these goals. But he cannot use LOG as a carpenter
uses a tool chest , or as a programmer uses a regular programming language. He can of
course use ZOG as a whole to accomplish tasks (eg , to program) , but only by doing it LOG’s
way.
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Thu. goal net v i ew  of LOG is , of o i i r ’ .e , a par t icu lar  design philosop hy. Other
phiilo’ .ophip’. p~ is t. One would be to decompc i’ ~nc~~li’dhe doma iru in some logical manner ,
provi ding the to ta l  mater ia l  in terminal f rames , wi th  ne ts of index f rames to provide se lec t ive
access .  A paradigmat ic examp le w ould be a tax onomic reference of , say , bir ds . Another
w ould be to et users modif y the net to h u t their own styles (a technique we are in fact
ex p loring) . We will examine onl y the goal-net v iew , as bef i ts a preliminary investi gation .
The goal-ne t view seems a t t rac t i ve , both in the amount of guidance it might give to net
c ons t ruc t ion  and the leverage it might give to understanding human performance.

I ,icod~r~g of t he Dorna~n

Let u’. spell out the design philosophy in more detail .  What we describe is neither
operat ional  nor wi thout d i f f i cu l t i es , requiring ‘x pans i on and debugging against actual cases ,
but it wil l  allow discussion of user s t ra teg ies .  Assume the user is an experienced ZOG user ,
though no t necessar i l y fami l ia r  w i th  the par t icu lar  net to be designed. (Introducing ZOG
poses additiorual problems. ) Then , to const ruct  1 LOGnet according to the goal-net philosophy:

( GNI) Determine a set of poss ib!e top goal’ . t hat  Hue user can solve w i th  the net.
Identif y each of these wi th  a spec i f ic  f rame,

( GN2) C rea te  an exp lana tory index of f ram es that  let’ . the user ge t f rom the top
f rame of the net to these goals The iu’ .er m us, t  f ind out what goats the net
so lves.

(GN3 ) For each  goa l c rea te one Or more n~i i lh~~ri’. 
lOr a t t a .n ing the goal A method

a condi t iona l  sequence of act ions la t i v u t e c  that produce some results
without fu r t he r  problem solving) and subgoa ls (which recurs ive l y inv olve
fur ther methods and goals). Each r”ethod can he encoded in a network.
Ac t ions are op tions tha t lead to info rmat ion f r a m e ” ,, or pads that command
an ac t ion-program.  Sub goals are f r a m e ’ . The cont ro l  s t ruc tu re
(se rluienc in g of act ions ani~ logic of goal ‘e lect ion )  is encoded into
sequences of f rames , wi th appropriate exp lanatory inte rmedia te frames if
neces sary.

(G N4) If the re are a l ternat ive methods for a goal , c rea te a choice-net that leads
4 rom the goat - f rame to the methods , exp laining the fac to rs  on which the
choice red ’.

( ur45 ) Speci f y the alternative states of re levant knowledge that the user can
have Provide alternative “short-c i rcui t ”  pa ths in the net so that the user i~~

not forced to obtain knowledge from the ne t that he already has,

(GN6) Specif y the ways the user might be confused about what to do, or about
the meaning or intent of various te r ms and phrases. Provide alternative
“long-circuit” paths at the point of use that provide exp lanations.
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User Str’itegy

From th is descr ip t ion we can ‘ce that the rat iona l  s t ra tegy  for the user i~ as follows:

(U i)  flue i.i’ .~ r appr oaches the ZOGnet in sume part icular s ta te  of knowledge and
wi th some p a r f u c  ular goal (we ignore the possibility of several  goals) .

(U?) F n t e r , ”~ a ’ Hr .  top f rame , the user e ’p lor e ’ . the top goal index net until he
us al le to i i f e r i t u f y wh ich  ( i f  any) of the goals of the net match his goal .

(U3 ) he ‘ ‘ ‘ ‘ ‘ rip ’ , fol lows the d r  er t ions of t ui” net.  At  each goal ~r anue lie mis t

se lec ’ a n , t h o c f  and f o~ each method ‘ i ’  r ust  ca r r y  out it ~ provisions. There
are Ja ruo uc  ruets  at eac 1 u p o r ut which l i l l  whic h c 1uoic e to make ~s a f i .j r’ t ion
of t h e  c l r ’ t  a I’ . of the user “ goal arud the data that  the user has

( U4) If the met hod- opera t ions  inuvolve .ecu t :ng a program , then the user
obse rves i t s  resul ts , perhaps reco rd i rug them if the program i tsel f  does not
have s uch f a  il i t i~ s. This adds knowled ge for making f u r the r  choices in the
net c i T f o r  the f ina l  solut on

( U5) if f l ip r e tho d-op e ra t i onu s  cons t i t u t e  p rese nta t ion  of knowledge , the ur.er
a t t emp ts  to comprehend the knowledpe and reta in it (as indicated) . This
adds know ~edge for making fur ther hoi es in the net or for  the f i na l
solu t r oru .

Accord ing  t o this model , there is a sing le un i f o rm s t r a t e g y  for user hehas ior , li p actua l
cour ’ .e of f ram es (hence the to ta l  number of f r ame ’ , which is what  we w ould luke to p red ic t )
is governed ent i re l y h iy  three things: the net , the goal of the user , and the knowledge the
user has . Given a theor~ for how the individual f rame us , processed , as d iscussed ear l ier ,
de tai led simulations should be possible. Thei r acc . i ra y will be limited by fio ’~ good t h ’ .
detai led theory is. Note that the user ’s goal arud knowledge must be given . Basical l y, there
u s  no way out of this. This information produces qua l i ta t i ve l y d i f fe rent  choices throughout
the net , causing indef ini tel y large e f fec ts in the tota l  behavior , (One can , of course , at tempt
to derive var ious averages or hounds on behavior given various minimal assumptions about
the user ”, goals and knowledge; the abi lit y to do this is beyond discussion here.l

What scope is lef t  f or the user ’s own ii,oal d i rected behavior ” There does not seem
muc h freedom to use the net i tse l f  in wa~’s other thanu i ts designed modes. This does riot say
tha t the user ’s t o t a i  behavior is determined by t u e  net For instance consider a net for using
a prc igra m , eg, a t e a l  edi tor , ‘ .u i ch  a’. LINED on the PDPIO. Ihe sys tem consist ing of the
L INED- NE I plo’ I ITJF D i’ ‘.1 ill a te ¶ editor , a’~..1 I ‘uc user manuipul a t ec  this to ta l  syste m to
acc omplish some editing goals that he has . I 1NEE) NF T + LINED does not determine what
edi ting the user wants done. What is determined is the way to use LINED-NE T to evoke the
editor , given thc user ’s goal’. This would also seem to hold for the acquisition of knowledge
from a ZOGnet , a slightl y less obvious proposition.
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In,’ f r , ’ e i h u , ’  ‘ t i l l  l p f t  uiruf ru i’ the u u ” ,e cit . a r u j i u ’ , ‘ , l u nr t  c i r c u i t’ . and long—circu i ts  (6N4
.in i (.11’ a bove I i in t b ~~’ ~‘.‘.u i’ i ’ i i l iw~ f ” .~t the u V. ‘ ‘‘p in tn . l  , i’ r t a ’ n  iNh ,it he knows and
doesn ’t ~riow , the iji(iu c’ r~ a ni~ ins ta ru e ¶ .h O u. i if be c h a r  cut I( nw e ,pr , ~~~~ i t, ’  may not he
pu’ ‘ hIp , so t b ua t  f l ue i i ’  c’r mc u’ ,t r” ,ik,’ a ju dgmer t If so , the dec noOn s i t u a t i o n  c quite prec ise:
the o ’ e r  w uc h , ’ s  to pred ic t  hi~ ac tual s t a t e  of ~nowledp,e If he guesses wr ong he wi l l  have

~~a’ .ted t rue e i ther e~ posung him’ .i’ lf to knowledge a second time or going down a wr ong path .
An addit ional a l te r  r~~t i ’ ,’e us taking too long to ‘ i .a r~ h his own mind to see w h e ’~’er or no t he
has H i’  knowled ge - -  he mig ht just as well ha ,e t ak en  the long-c i rcu i t  again . His ah ilit y to
‘.01 r this decision problem w i l l  a f f e c t  the total  number of frames and hence the total  time

Error

( i ~~pr ’ Hi’ . v~ew , the impor ta rt  quest i ons , rel,i t ie to de t f r r r . i r ’ r’g t o e  to ta l  set  of
f r a n c . , ac ldre’ .s w 1’a t can  go w ronp , The pu turc ’ a~’ri ’e , and a” ,’ pre d ic t ion  based on it ,
,i’,s ulm e’, e r ro r  t ree  p e r f o r m a r u ( e  A d ’ l i t i o r ua l  n”. . ’ hologural f e a tu r e . , of the user enter in
t h r ou gh errors  of var :o us kind’. ‘T hese e r r s  r s  a re  not p rc ” l ,~ a featut e of the i~~er — -

cii. ’i~ rement ’ . to be ac ’ .ignecl t o his psycho logy,  ‘ .0 to soea ~ The y “a’,’ be induced by the net ,
pither f rom a f d u i u .j r  s’ to c a r r y  out Hi’  goal ru’~ n c . ’ pr ’. philo ’;np (”’, or f rom the philosop hy
it s e lf  he ng unh e re n t l y nuu sma tche cj  to human c a p a l i lu f  i’s

We f u ? . .f ’ , l l reac iv  had reason to dus ’  u’ . ’ t w O spec t ic so cj r cec  of er rors , t hose

‘.tenu r ’uing f r o m  or er’ lat icun prohlem’~ f in the prior se lion) and those stemm ing f rom
c inc e r t a i r u t , ’ o er the need for exp lana tion (j us t aho . e ” . We uped to c h a r a c t e r i z e  more
h,ene ra l l y the s our- es  of e r ro rs  and their conseq e nc e~ Gorusider f ’ r s t  the ~ar ie t ies of user
er ro r , taking tlue net as gi .‘en . There seem to be six fund am enta t ypes of e rr ors , having to
do wi th:  se lec t ion , acquisi tion of f inal k r’iowle’ige , re t r ieva l  of cont ro l  knowledge , memory
load , uncer taint y, and the in te rpreter  role.

‘The user can make a misjudgment in scr. ie . , ,
~~

p. t i u r ’ (op f n ”  or pa d). T ru e  source of
this rria’~’ va ry  fr om knowing what to select hut a s i  ide n t a l y toni. hung the wrorug oru t ’o n or pad
to being n- vj aken about the meaning of th .’ se ’ec t o n  to rui. .lud ging hi~ own s ta te  of
knowledge a’, di’.c uc sed above ) .  in all ca ses , thp e f f e c t i’ , to go down a wrong path until ‘t
V. so recog nized , then recover  and proceed “ fcr~~ nu the cor n ,”  I paD’ In acco rdanc e w i th

r” ii lar t a ’ .k’. one can expec t  the bulk nf these e r r O r  .rf .co g n i ze- recove r  rp s u i r n r .  sequences  to

he sirriple undo”., lea.  “.g a ‘ hurt  Hop ikp pa ’ 1 f i a t took  “i’ f u : i w ’ t h  no othe r e f f e c t .  A
f pw wi l l  ha .‘e come s u e  r’f f e c  t” , so that the r~’ 0 1 c r ,’  path w I’ l e a d to a d i f fe r  ent f rar ’ u i ’  t f u ~~ni

the Crro r  -ini t ia t ion f r  erie or so that the ice’ has acquired c O n e  new useful (Or harmfu l )
knowledge A ,‘er y 1ew w il l  i oru c t  info ser i c . i u s e r ro r s , in which the user gets confused or
lost or , in general , loses his or ientat ion;  these r a y  take a very long time for recovery .

Iii,’ ul c er  aru fa i l  to acquire some firual k ’ o w i r d 1~e provided by a frame , e , knowledge
that cons t i t u tes  part of the so lution to the user ’s ~‘cua l  hu j t  that is not used within the ZUGnet.
Suc h an er ror  may t ran ’,la te direct l y int o an er ror  in the f inal goal . The goal-net design

‘.upposedl y t es t ’  for co r rec t  acquis i t ion . Howe ’ ,‘pr , there are a pan dor a ’s box of d i f f icul t ies
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‘u doing ‘o and i t r u d i ’  not even be possible in princip le. If Z ( G  is used to run a program ,
f r i . ’ ’ , ’  v. no ~ a~ that  ZOG c a ru  knuow what  con ‘ ‘ t i” , f l u ’ c o r r e c t  program according to the
user ’s r’ t e r u t ’ u ” Even if ?CiG is used onl y to a’ qu’nn “pure ” knowledge , r a c y issues ex i s t
about when and how to tes t .  If the user himse lf de tec ts  the missing knowledge , then the
resu lt of the er ror  is an added loop to acq i ure the knowled ge from the point of error
detec t ion ,

The user can fa i l  to acquire knowled ge ned f or further cho ices , ue , control
knowledge. Unli,e f i ru al  knowled ge , c ontrol kiuowledge has some built in error detect ion
ca pa b i l i t  , , o un ce the u ucCr  wi l l  f ind himself w i  ‘O ut f l i p  Knowledge at some point. Ac tua l l y,
.‘~hat cou rut ’ , us not acquis i t ion but re t r i eva l  at the c r i t i c a l  poin t. In an’,, event , the u se’ mus t
engage in ano t he r  e * t r a  ex p lo r a t ’ on  to reacqu i r e  the knuow led ge. Without bet ter  knowledge of
the de’. ’~~” one cannot  ‘.ay w he t h e r  al l  so~ h loop’, wi l l  be nearb y (a s GN6 suggests ) .

I he’e nra , tue p ’ p t i c i f  shor t  t p r r ’ u  mer’ cu r ,‘ r eq  :re r’-’en ts when using other s’ys te ruu’ .
f l u r o u r f u ~

‘ ‘ i’ 7 ’’C r’~d~ o”~y be of l i m ’ t e n t  hel p, r’ 1her bi ’c au uce o f n-emory l imi t a t ions ri LOG
t n’ ’ ’  (

~~ ‘ ‘ ‘ r ri o’ ...’ t  to  t O n ’ prOgr,l rc beung exec i . t i) or t ’ ec au s , e  g i ..’ ir u g the kruowtedge to LOG
,..‘ t u , c  h diii not ge r ’ ( ’ ’d t ’  i t )  is, too rn i.ich b t i rc , r 11C pr can fa i l  to remember such

in Hurn ’ at cu n, ‘ hp heso r e ’ . ci e r loaded In e i t her  ca ’ ”, f i . p  norma l concequeruces us
r e - e x r ’ c i u t io ru  o ’ the p ro p ’a n  n’~’ o i ’ .’’n g re t ra n c , ’ ,’ r’  ~l of !hn’ ne t .

I tue u’ Cr mdv be uncer ta in  of what to do and ra ther  t° an  ge 1 a d d ut i o n a l  knowledge ,
n-a , ‘,imp ly f Ocu r . on the g e e  f r an ’ n’  Some of f r .  e f f e c t s  ‘of d isor ien ta t ion would show u,up ri

H ’ . ~~a ,  11r .  re’ , uj l t us an ex p,uni ’ .i orr o f f m .  at a f ra nc e , ra ther thar e~ t r a  f rames lic rug

Ira  Pr ’  nO

ri~~i l  ,‘ f Op o ’er  r ca ,, not use ZiJG a’ t i i ~’ r’0d 1 ,‘ ‘PW ‘nt pn f ’ , He r’ ,,~ , re jec t or net
under’ t and the r o l e  of probleri  ‘‘.ol’ iung i r ” t n ’ rp ’  e t ’  ‘ r a ’ ‘ un-ed h t i e go al ri~’l V i e’.’; and ta~ en

a’ . the b a n -, of perf ormance anal ysis. Concei . a l l , P ma~ ¶u ru d another w a y  of using J~ i~~

hat wo r ‘ Sorru e of I lii’,. i ’ also c overed in the nut on o~ disc’ uent at 00 . But t ‘ i c r  e ma ,. ‘ i n ’

number of small  .~. a 7”. in which the user sunup ) ,’  uH’ ..” i a tes  f ’  nm adopt ing the .n ’ t e r p re t a r  ro i e

It is d i f f i c u l t  to descr ibe the consequences w th u i ut  having a san~p’ e of such be ’ a’,io r  as a
guide

The po rno’  e of going throug h all t ’ re ’ , ’ ’  t y p e ’ . of e r r o r ’  is to ol.u~,e ’ \ e  t ha t n.~~o t or 1

t hen ,  (thoug h ‘ o u t  ~~! I )  ten d t o have tho r c o n’  e ) u n  ‘i 0’ desc ’ ibab le  as addi t i cc a !  exp lora t ions
of the net , fa l’en under ‘,urne defini te in i t ia l  c uni l~tu o n s , t huc t h e ,  t ra n’ , a t p  into addit i~~ra

1

ruum hers of f r a n c’ . ( r ., addit i onal t ime ) , a’, we oh u ’ .e rv i .’ d e a r l e ’ .

‘T I e  o ’ e r  is, not the onl y one who make’~ e r r c i ’ ’  So do the ‘el builders , f ia t  u ’ . t he ’,’
nj n” , iate tr on f i r , ’  de..k n  ca l l ed  for  under the goal ’ net ‘ p e r  u f i ca t i on s ,  We can  ignore gross
e r ro r ’ , that  make the net incapable of solving the s ta ted goal ’ . and the like But t here wi l l
‘t i l l  be e r r o r s  tha t rna~ n’ using the net more d i f f i c i .j l t ,  ‘T hese may be c lass i f ied as e r ro r s  that
( 1) fa i l  to pro ‘ide appropr ia te explanation ’ .; ( 2 ’  r a i l  to provide approp r iate short c u r c e i l  s; and
(3) provide misleading tex t  either as exp lana tions or a’ opt ion’;  Without going throug h the
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t ’nlirnpr ,4t ion , the’ .e ei ther result in additional paths to be traced or offer additional
oppor tunut ii’’. for the user to make errors.

We have distingui’.hed failures of the actual  net to adhere to the goal-net design
philo’ .op hy f rom fai lures of the user to be a pe r fec t  goal-net interpreter . There are also
inhe rent  l imits of the goal- net  design . Howe’ .’er , they do not show up directl y as a third
•.ou i r c r ’  Pather they are revealed by an inabilit y to decrease errors of the f i rs t  two kinds to
a negligible e f f e c t or by fai lures of a “perfec tl y func tioning” total system (net plus user) to
compete  wi th al ternat ive schemes (other ZOGnet design philosophies or other communication
tec hnolog ies)
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CONCL IJS ION

1’OG ‘“ems  to be ext remel y we l l  placed to permit an approach to anal yzing its
per ’nrman e a’ . a to ta l  man-machine system . Our interest in doing such an analysis goes wel l
beyond o u r  desire to answer the specif ic questions enumerated at the beg inning. As we
observed , the qu ant i ta t ive  anal ysis of total man-machine systems is hardl y yet a well
developed a r t .  We mig ht hope to contr ibute to that .  The fract i onation that ZOG permits ,
c oupled wi th i t s  rapid response , may permi t some basic chronometric anal yses that would
als o cont r ibute t~ fundamental cognitive psychology. How humans acquire knowledge , how
they make decisions in the serv ice  of acquisit ion , even the basic nature of orientation, at i
°ee m appr oachable.

The componerutc we have considered - -  the time per frame , the orientation of the
user , arud the user ’s s t rategies - - appear on anal ysis to be sufficiently central and
s u f f i c ien t l y well s t ruc tu red  that an immediate approach can be made to them, both
theore t ica l l y and experimental l y.
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